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0 Disposable diaper having shirred ears. 



CM 
CO 



0 The back ears (20» 21) of a contoured dispos- 
able diaper (10) are shirred to become stretchable 
and elastically retractable. Because of this, the dia- 
per can be pulled snugly around the buttocks and 
the waist merely by applying ordinary fingertip pres- 
sure to the fastening tabs (26. 27). The shirring (34, 
35) can be provided by incorporating into the back 
ears (20. 21 ) of a flat diaper-forming blank a piece of 
heat-elasticizable matehal and then heating each 
diaper that is cut from the blank to shrink the piece. 
• A preferred heat-elasticizable material comprises a 
^substantially flat inelastic web to which is heat bcn- 
)ded a plurality of parallel elastomeric strands ex- 
^tended to at least about three times their relaxed 
length. 
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DISPOSABLE DIAPER HAVING SHIRRED EARS 



Background of the Invention 



Field of the Invention 

The invention concerns contoured disposable 
diapers, especially diapers having stretchable and 
eiastically contractable leg cuffs and waist bands. 
The invention particularly involves the problem of 
attaining improved fit to the wearer at insignificantly 
increased cost of manufacture compared to diapers 
now on the market. 



Description of the Related Art 

Typically the body of a disposable diaper is 
substantially nonstretchable and has three major 
elements: a liquid permeable topsheet to be placed 
against the wearer's body, a liquid impermeable 
backsheet to form the face of the diaper, and an 
absorbent element interposed between the 
topsheet and backsheet. At the present time, those 
three elements are provided by three separate 
sheets, although it has been proposed to incor- 
porate the absorbent and topsheet elements into a 
single sheet. 

Most disposable diapers are contoured or 
form-fitting and their leg cuffs and waistbands are 
eiastically contractable as illustrated in U.S. Pat. 
No. 4,515,595 (Kievet et al.). Altiiough tiie elastic 
waistbands of the Kievet et al. patent extend com- 
pletely across both ends of the diaper, it is more 
common for the waist fliastir 

-.r..«v> h 

way across each end as in U.K. Pat Application 
GB 2.156,656 (Pomplun et al.). In a contoured 
disposable diaper, the ends of the waist portions 
are flared out to form ears, and typically an 
adhesive-bearing fastening tab is attached to the 
back ears. 

The fastening tabs of most contoured diapers 
are aligned with the substantially nonstretchable 
body of the diaper, as in the above-discussed 
patent and patent application. Forces applied by a 
user to pull the diaper snugly around the buttocks 
often result in tearing at the ears. In French Pat. 
Publication No. 2,583.620 (Courtray) which was laid 
open December 25. 1986. the fastening tabs are 
aligned with an elastic waist band in order to make 
the diaper leakproof at the waist 

In the process of manufacturing disposable dia- 
pers, tension is typically maintained longitudinally. 
^ and elastic strips can be put into tiie leg cuffs in a 



stretched condition without difficulty, but the same 
is not true with waist strips which extend trans- 
versely where there is no tension. Accordingly, the 
waist of the diaper usually is made stretchable and 
5 eiastically contractable by adhering to the back- 
sheet a flat strip of heat-elasticizable material, i.e.. 
a material which is heat-shrinkable and then can be 
stretched eiastically to its original unshmnk dimen- 
sions. Then, after cutting out the diaper, the diaper 
10 is heated to shrink the heat-elasticizable material, 
thus shin-ing the waist band. When the heat- 
elasticizable material is a plastic film which also is 
heat-sealable. it can be adhered to the backsheet 
either adhesively or by being heat-sealed to the 
IS backsheet 

A preferred heat-elasticizable material for shir- 
ring tiie waist is disclosed in U.S. Pat No. 
4.552,795 (Hansen et al.). Before being shin-ed, it 
comprises a substantially flat inelastic web to which 
20 has been heat-bonded a plurality of parallel 
elastomeric strands tiiat have been extended to at 
least about three times their relaxed lengtii. The 
strand-bearing web can be coated with a layer of 
pressure-sensitive adhesive to adhere it to the bac- 
25 ksheet 

Instead of the waist band being stretchable and 
eiastically confactable. some disposable diapers 
employ stretchable fastening tapes as in U.S. Pat. 
No. 3,80C 796 (Jacob). Although the diaper of the 
30 Jacob patent is not contoured, stretchable fasten- 
ing tapes have been used on disposable diapers 
which are contoured. 

U.S. Pat No. 4.381,781 (Sciaraffa et al.) says 
that when tiiere is an elastic waist strip, "the fold- 
as ing of the diaper waist end, which must take place 
aftsr the continuous web is cut into individual dia- 
pers, is extremely difficult to accomplish. This is 
because tiie leg elastic will retract the individual 
diaper lengthwise if it is not heid entirely flat while 
40 moving rapidly along the production line until pack- 
aging and the folding operation while simultaneous- 
ly holding the diaper flat cannot be done readily" 
(col. 1, lines 35-47). The Sciaraffa et al. patent 
avoids an elastic waist strip, by cutting, as shown 
4S in Fig. 1. "openings 70 and 72 tiirough the joined 
topsheet 2 and backsheet 4. The openings 70 and 
72 intersect the waist edge 18 such that there is no 
diaper material between each of the openings 70 
and 72 and the waist edge 18..., Elastic layer 
50 material isuch as layers 78 and 80 is respectively 
disposed in the openings 70 and 72 and affixed to 
either the topsheet 2 or backsheet 4, or both, so 
that the layers 78 and 80 become an integral part 
of the diaper as shown in FiG. 7" (col. 4. lines 7- . 
19). The "elastic layers 78 and 80 may respec- 
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lively be located entirely or partially within the ears 
42 and 44 or entirely laterally inward of the ears 42 
and 44" (col. 4, lines 41-44). "Due to the inelastic- 
ity of the topsheet 2 and backsheet 4, or both, 
most of the transverse tensile stress is applied to 
the elastic layer 80 causing it to stretch and pro- 
vide a snug fit between the skin of the wearer and 
the waist areas 8 and 10" (col. 5. lines 5-10). 

The Sciaraffa et al. patent says: "The attaching 
of the elastic material to the back sheet and/or top 
sheet of the diaper requires only cutting the sheets 
as they move in web form, cutting the elastic 
material, and pressing the elastic material against 
one of the sheets. These manufacturing steps are 
all readily accomplished in conjunction with the 
usual high speed diaper production lines'* (col. 2. 
lines 32-38). No mention is made of the need to 
maintain good registration and probable difficulties 
in attempting to do so. It is believed that the diaper 
of the Sciaraffa et al. patent' has not appeared on 
the market. 



Summary of the Invention 

The invention provides a contoured disposable 
diaper which can be pulled snugly around the 
buttocks and the waist merely by applying ordinary 
fingertip force to the fastening tabs. The resulting 
improved fit Is achieved while minimizing the prob- 
lern of accidental tearing and is accompanied by 
both better appearance and enhanced perfor- 
mancie. The novel diaper is believed to be the first 
disposable diaper which provides those advantages 
and yet can be manufactured at substantially the 
same cost as disposable diapers now on the mar- 
ket. Like those now on the market, the body of the 
diaper of the invention is generally substantially 
nonstretchable and has a liquid permeable 
topsheet. a liquid impermeable backsheet, and an 
absorbent element interposed between the 
topsheet and backsheet. As noted above, the ab- 
sorbent and topsheet elements might be incor- 
porated into a single sheet. At least one of the 
topsheet and backsheet is flared to form a pair of 
back ears. A fastening tab. which preferably is 
substantially nonstretchable. is attached to each of 
the back ears. 

The diaper of the invention differs from prior 
contoured disposable diapers in that at least one of 
its back ears is elastically shirred in an area 
aligned with its fastening tab to permit it to iDe 
stretched elastically at least one cm under ordinary 
fingertip force applied to the fastening tab. The 
shinned area, in an infant diaper of average size, 
should extend over a height of at least 3 cm 
(preferably from 4 to 8 cm). For the smallest infant 
diapers, the shirring height should be at least 2 cm. 



and for an adult diaper of average size, the shirring 
height should be at least 6 cm. By "height" is 
maant the direction between the waist and the 
crotch of the diaper. "Ordinary fingertip force" may 
5 range from about 200 to 2000 grams of force. 

The elastic shirring preferably is provided by 
adhering to the backsheet or topsheet, or both, a 
heat-elasticizable material, preferably Including a 
plurality of parallel elastomeric strands as in the 

w above-cited Hansen et al. patent. The force neces- 
sary to stretch the elastically shinred ear at least 
one cm can be controlled by the modulus of the 
heat-elasticizable material in its heat-elasticized 
state, its width, its thickness, or combinations 

/5 thereof. Upon stretching an elastically shirred ear 
close to its elastic limit, the user feels an abrupt 
increase in force necessary to continue to elongate 
the ear. The diaper should be designed so that 
when this abrupt increase is felt, sufficient tension 

20 has been applied to realize a snug fit around the 
wearer's buttocks and waist, and the user should 
reaJize that additionai force is unnecessary. This 
should greatiy reduce the hazard of tearing of the 
ears as compared to disposable diapers now on 

25 the market Preferably, this abrupt increase in ten- 
sion is felt at from 500 to 1500 grams of force for 
an infant diaper of average size. 

Because the novel diaper can 'be easily pulled 
snugly around the buttocks and waist, there should 

30 be no need for an elastically contractable waist 
band, thus saving the cost of elasticizing the waist 
The diaper of the invention can be manufac- 
tured with equipment now in widespread use. e.g.. 
as shown and described in U.S. Pat No. 4.563,185 

3S (Reiter). This can be accomplished "mereiy by add- 
ing to the line one station at which small piec s of 
heat-elasticizable material are adhered to the back- 
sheet adjacent at least one of its edges. When 
using equipment including a station at which a strip 

40 of heat-elasticizable material is applied at the waist, 
tiiat station can be modified so that instead of 
applying material at the waist, a small piece of 
heat- elasticizable material is applied at each back 
ear. Alternatively, that station can be modified to 

45 apply a U-shaped strip across the waist, with the 
ends of the U providing the elastic shirring across 
the ears. Because the cutting of the U-shaped 
strips might involve greater wstste of raw material 
tiian the application of three separate pieces, it 

so may be more economical to modify the station to 
apply three pieces simultaneously. The back ears 
become elastically shirred at the end of the assem- 
bly portion of the diaper line where the diapers are 
exposed to heat there used to shir the waist band 

55 as described in the above-cited Reiter patent. 

Preferably th shir across each back ear is at 
least 4 cm in height in order to spread the tension 
applied to the fastening tabs across a large area at 
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each side of the rear of the diaper This ensures a 
snug fit around the buttocks and waist merely by 
applying ordinary fingertip pressure to the fast n- 
ing tabs. Before being heated, the heat-elasticlza- 
ble material should be at least 2 cm, preferably at 
least 3 cm, in width in the circumferential direction 
of the diaper in order to permit the ear to be 
stretched at least one cm under ordinary fingertip 
force. It may be economically wasteful in infant 
diapers for the heat-elasticizable materia) to be 
more than 6 cm in width before the shining. 

As compared to the need to maintain good 
registration in making the diaper of the above- 
discussed Sciaraffa et al. patent, the pieces of 
heat-elasticizable material applied to the back ears 
of the novel diaper need not be applied with preci- 
sion, just as precision is unnecessary in applying 
heat-elasticizable waist strips in current diaper 
manufacture. In order to allow substantial errors in 
applying pieces of the heat-elasticizable material to 
the ears, their application preferably is pro- 
grammed to leave a space of at least 0.5 cm 
between the piece and the edge of the waist, thus 
ensuring that no piece will extend into the front 
waist region of the adjacent diaper. Except for 
economy, it is unnecessary to leave a space be- 
tween the heat-elasticizable material and the leg 
openings if the heat-elasticizable material is applied 
before the leg openings are cut out 

In order to keep costs to a minimum by con- 
serving material, the heat-elasticizable material 
preferably extends only about half the height of 
each back ear. e.g.. from 4 to 8 cm, as compared 
to the height of the ears of an infant diaper of 
average size being about 10-15 cm. Preferably the 
heat-elasticizable material is at the center of the 
height of the ear. and the fastening tab is aligned 
with the piece of heat-elasticizable material. When 
the ear is elastically shirred by exposing the heat- 
elasticiaabi© material to heat the ear becomes 
inelasticaily shirred across the rest of Its height. 



The Drawing 

The invention may be more understandable by 
reference to the drawing, all figures of which are 
schematic, wherein: 

Rg. 1 is a plan view of a first contoured 
disposable diaper of the invention in a flat con- 
dition, partly broken away; 

Fig. 2 is a cross section along line 2-2 of 

Fig. 1; 

Fig. 3 is a cross section similar to that of 
Rg. 2 except after shirring; 



Rg. 4 Is a plan view of the ear and waist 
portions of a second contoured disposable diaper 
of the Invention in a flat condition, partly broken 
away; 

5 Fig. 5 is a perspective view of the diaper of 

Rgs. 1-3 in the configuration it would assume when 
being worn by a person; and 

Rg. 6 shows a cycled stress-strain curve for 
the shinred ear of a preferred diaper of the inven- 

10 tion. 



Detailed Description 

IS 

The body of the diaper 10 shown in Rgs. 1-3 
and 5 is made up of a liquid permeable topsheet 
11 to be placed against the wearer's body, a liquid 
impermeable backsheet 12 to form the face of the 
20 diaper, and an absorbent element 14 interposed 
between the topsheet and backsheet. Also inter- 
posed between the topsheet and backsheet are - 
elastically contractable strips 16 and 18 at the leg 
cuffs and waist bands, respectively. As in most 
25 contoured disposable diapers now on the market, 
the elastically contractable strips 16 at the leg cuffs 
are applied in a stretched condition while those 18 
at the waist bands are heat-elasticizable material 
that does not become elastically contractable until 
30 it has been heat-shrunk. The ends of the waist 
portions of the diaper 10 are flared out to form 
back ears 20 and 21 and front ears 23 and 24. 
Attached to the back ears 20 and 21 are fastening 
tabs 26 and 27. respectively. Each fastening tab 
35 bears a layer of pressure-sensitive adhesive 28 by 
which it can be secured to the front of the diaper. 
Pieces 30 and 31 of heat-elasticizable material are 
adhered to the backsheet 12 at each of the back 
ears 20 and 21, respectively, by a layer of 
40 pressure-sensitive adhesive 32. 

After the diaper 10 has been formed fiat as 
shown in Rgs. 1 and 2. it is heated to heat-shrink 
the waist strips 18 and the pieces 30 and 31 of 
heat-elasticizable material. Shrinkage of the latter 
45 causes elastic shirring 34 and 35 of the ears 20 
and 21 , respectively, as best seen in Rgs. 3 and 5. 

The diaper 40 shown fragmentally in Fig. 4 is 
identical to that of Fig. 1-3 and 5 except that it 
employs a single U-shaped piece 42 of heat- 
so elasticizable material instead of two separate 
pieces. When the diaper 40 is heated, shrinkage of 
the U-shaped piece 42 will shir both the waist band 
44 and the back ear 46. The diaper 40 has fasten- 
ing taps 47 similar to those of the diaper 10. 
55 Suitable heat-elasticizable materials for use in 

providing the heat-activated elastic shirring of the 
back ears 20 and 21 includes elastic films such as 
flexible polyurethanes as described in U.S. Pat. No. 
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3,912.565 (Koch et aJ.). plasticized vinyl chloride 
polymers as described in U.S. Pat. No. 3,819,401 
(Massengate et. al.). copolymers of alternating 
polyamide and polyether blocks as described in 
UX Pat. Appl. No. 2J60.437A (Matray et al.). and 
other block copolymers as described in U.S. Pat. 
No. 3.639.917 (Althouse). Also suitable are the 
elastic composite films of U.S. Pat. No. 4.652,487 
(Mormon), U.S. Pat. No, 4,657.802 (Mormon), and 
U.S. Pat. No. 4,640,859 (Hansen et al.). 

The piece of heat-elasticizabid material should 
shrink at least 30% when heated, thus permitting 
the back ear to be stretched elastically at least 
30% the width of the piece of heat-elasticized 
material. Preferably the heat-elastictzed material 
shrinks about 50%. 



Example 



The heat-elasticizabfe material used in this Ex* 
ample is a flat inelastic web to which had been 
heat-bonded a plurality of parallel elastomeric 
strands extended to at least about three times their 
relaxed length as disclosed in the atx3ve-cited Han- 
sen et al. patent. This material was cut to pieces 
having a length of 2 Inches (5 cm) and a width of 2 
inches (5 cm). To each piece was laminated a 
layer of pressure-sensitive adhesive. 

The topsheet of a commercially available dia- 
per ("Luvs" brand disposable diaper from Proctor 
and Gamble Co.) was mechanically separated from 
the backsheet in a rear end region. The adhesive 
side of a piece of heat-elasticizable material was 
then adhered to the inside face of the backsheet of 
the diaper, after which the rear end was reassem- 
bled, reattaching the topsheet to the backsheet by 
using a thin strip of pressure-sensitive adhesive. 
The width and the strands of the piece of heat- 
elasticizable material were oriented in the circum- 
ferential direction of the diaper (transverse to the 
height of the ear). The diaper was then placed in a 
current of circulatory hot air (200 * F. 93 * C) for 40 
seconds. The ear portion of the diaper shirred, and 
the width of the piece of heat-elasticizable material 
was reduced to 1.06 inches (2.7 cm), a shrinkage 
of 47%. 

A cycled stress-strain curve for the shirred ear 
of the diaper of the Example is shown in Rg. 6. 
This curve was made in an Instron tensile tester, 
the lower jaw of which extended across the full 
width of the fastening tape while the upper jaw (7.5 
cm in width) clamped the center of the diaper from 
the top toward the crotch. In doing so, the shirred 
ear was slightly stretched to ensure against any 
slack. The upper jaw was moved away from the 
lower jaw at a spaed of 10 inches (25 cm) per 



minute. In Rg. 6. line 50 shows the first pull, line 
52 shows the second and subsequent pulls, and 
line 54 shows the relaxation curve. Lines 50 and 52 
indicate that when stretching of the shirred ear 

5 approaches its elastic limit, a user of the diaper 
would be warned that substantially increased force 
might accidentally tear the ear. 

While the diaper shown in the drawing employs 
pressure-sensitive adhesive fastening tabs, other 

10 fastening means such as snaps or hook-and-loop 
fasteners are also useful in diapers of the invention. 

Although the Example and the drawings illus- 
trate the use of adhesive to affix heat-elasticizable 
material to either the topsheet or backsheet of the 

rs diaper of the present invention, altemate methods 
such as heat bonding and sonic welding can also 
be employed. 



20 Claims 

1. Contoured diapers, which comprise a liquid 
permeable topsheet, a liquid impermeable back^ 
sheet, and an absorbent element interpos d be- X 

25 tween the topsheet and backsheet, at least one of 
the topsheet and backsheet being flared to form a 
pair of back ears, each back ear having a fastening 
tab, at least one of the back ears being elastically 
shirred in an area aligned with its fastening tab, 

30 which shirring extends over a height of at least 3 
cm and permits the back ear to be stretched elas- 
tically at least one cm under ordinary fingerbp 
force applied to the fastening tab. 

2. Diaper as defined in claim 1 wherein both 
35 back ears are shirred. 

3. Diaper as defined in claim 2 wherein the shir 
across each back ear is at least 4 cm in height. 

4. Diaper as defined in claim 3 wherein the shir 
is provided by a piece of heat-elasticizable material 

40 adhered to at least one of the topsheet and back- 
sheet. 

5. Diaper as defined in claim 4 wherein said 
back ear can be stretched elastically at least 30% 
of the width of the piece of heat-elasticizable ma- 

45 terial. 

6. Diaper as defined in claim 4 wher in the 
heat-elasticizable material at each ear is contiguous 
with a strip of the heat-elasticizable material ex- 
tending across the waistband. 

so 7. Diaper as defined in claim 4 wherein the 

heat-elasticizable material at each ear is a separate 
piece. 

8. Diaper as defined in claim 4 wherein the 
heat-elasticizable material bears a layer of 
55 pressure-sensitive adhesive by which it is adhered 
to the backsheet 
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9. Diaper as defined in claim 8 wherein the 
heat-eiasticizable material before being shirred 
comprises a substantially flat inelastic web to which 
is heat-bonded a plurality of parallel elastomeric 
strands extended to at least three times their re- 5 
laxed length. 

10. Method of making the contoured diapers of 
claim 1 wherein great lengths of said topsheet, 
backsheet and absorbent element are moved in the 
direction of their lengths, said method comprising to 
the steps of: 

1) adhering to at least one of said topsheet 
and backsheet. adjacent at least one of its edges. 
spaced*apart flat pieces of heat-elasticizable ma- 
terial. 15 

2) continuously bonding said elements to- 
gether into a coherent body, 

3) cutting out individual diapers from said 
body to form a back ear at each adhered piece of 
heat-elastictzable material, and 20 

4) 'heating the diapers to shrink said pieces 
of heat-elasticizable material and thus elastically 
shir the body of each diaper at a back ear. 

1 1 . Method as defined in claim 1 0. in step 1 ) of 25 
which pieces of heat-elasticizable material are ad* 
hered in pairs adjacent opposite edges of said 
topsheet and backsheet 

12. Method as defined in claim 10, in step l) of 
which each piece of heat-elasticizabie material is 30 
U-shaped and is adhered with the ends of each U 
adjacent opposite edges of said backsheet 

13. Method as defined in claim 10 wherein the 
heat-eiasticizable material shrinks at least 30% in 
step 4). 35 

14. Method as defined in claim 10 wherein said 
flat pieces of heat-elasticizable material comprise a 
substantially flat inelastic web to which Is heat 
bonded a plurality of parallel elastomeric strands 
extended to at least about three times their relaxed 4o 
length. 

15. Method as defined in claim 10 wherein said 
flat pieces of heat-eiasticizable material bear a lay- 
er of pressure-sensitive adhesive by which it is 
adhered to at least one of said topsheet and back- 45 
sheet 



so 
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